GPS/INS integrated navigation systems have been used for guided munitions. By adding the navigation system into unguided munitions, accuracy can be highly improved. In these applications, GPS receivers have to meet certain requirements such as gun-hardening, fast signal acquisition and jammer tolerance. Especially, the signal should be acquired as fast as possible since mission time is very short.
Several methods have been proposed for fast acquisition. These methods make it possible to reduce acquisition time by searching code phases in parallel. However, in military applications, the Doppler frequency range to be searched should be reduced since the Doppler frequency range is wider than conventional vehicle. This paper proposes a fast acquisition method using INS velocity and multiple correlators for high speed vehicles. In order to reduce acquisition time, range of the Doppler frequency is reduced using INS velocity and number of code phase to be searched is reduced using multiple correlators. Monte-Carlo simulation was carried out to show performance of the proposed method.
INTRODUCTION
In order to provide a position of a vehicle, acquisition, tracking, data synchronization and demodulation are carried out in a GPS receiver [3] . The acquisition detects presence of the GPS signal and is a two-dimensional search process. It searches over expected Doppler frequency and code phase. The number of search cells depends on range of the Doppler frequency and the number of code phase search and should be reduced in order to accomplish a fast acquisition.
To get a fast acquisition, FFT(Fast Fourier Transform), matched filter and multiple correlators have been used [5, 7] . By using FFT, the code phase can be searched in parallel. However, this method requires heavy computation. The method using matched filter and multiple correlators can also be implemented for the parallel search process in the code phase.
In resent year, GPS receivers are widely used in military applications. The military GPS receivers have to meet certain requirements: fast acquisition, high jammer tolerance, tracking accuracy and battlefield security. Some applications of smart munitions require that their missions be completed within 20 ~ 30 second. When the GPS receiver is used for these applications, the acquisition should be completed in fast. In addition to this, since lots of military vehicles are operated in high speed, the Doppler frequency is larger than that of conventional vehicle. This paper proposes a fast acquisition method for high speed vehicles using INS velocity and multiple correlators. When velocity from INS is available, the Doppler frequency can be estimated within a certain limit. By using the INS velocity information and multiple correlators simultaneously in the acquisition, the search space can be greatly reduced since search range in Doppler frequency and search number in code phase can be simultaneously reduced.
SEARCH AREA FOR ACQUISITION
Search area of the code phase and Doppler frequency for acquisition is shown in figure 1 . The area is divided into cells. The number of cells is directly proportional to the range of code phase and Doppler frequency and is expressed in equation (1). 
SIGNAL ACQUISITON USING INS VELOCITY AND MULTIPLE CORRELATORS
Since the Doppler frequency range for acquisition depends on the relative motion of satellite and vehicle as shown in figure 3 . The Doppler frequency can be expressed in equation (2) v is INS velocity error in the ECEF(Earth Centered Earth Fixed) coordinate system. In this case Doppler frequency can be expressed in equation (3) . Note that 500Hz Doppler corresponds to 95m/s. When tactical grade IMU is used in the navigation system, velocity error does not exceed this value in 20 ~ 30 seconds. Therefore, it can be seen that the number of search cells can be greatly reduced
The code phase can be searched in parallel using multiple correlators. When multiple correlators are used, number of search cells in one time is equal to the number of correlator of the multiple correlators as shown in figure 4 . As a result of this, it can be regarded that the size of the search cell. When the proposed method is applied, GPS receiver structure for acquisition is shown in figure 5 Figure 5. Acquisition structure of a GPS receiver Average acquisition time can be calculated using equation (5) [7] . 2 ( 
PERFORMANCE EVLUATION
Experiment setup for performance evaluation is shown in figure 7 . It consists of a host computer, a GPS simulator, a GPS signal acquisition board and an IMU simulator. The GPS signal simulator, GSS7700 manufactured by Spirent® , provides multiple functions for generation GPS RF signal. The IMU simulator, SimINERTIAL, manufactured by Spirent® , provides a substitute for the inertial measurement. The bias of accelerometer and gyro are 8.5mg and 3600deg/hr, respectively. Simulation was carried out 50 times. The speed trajectory of the vehicle is given in figure 8 . The vehicle is stationary for 2 minute. And then, the speed rises to 1000m/s. 
CONCLUDING REMARKS AND FURTHER STUDY
In this paper, a fast GPS signal acquisition method using INS velocity and multiple correlators has been proposed. Since Doppler frequency is larger than conventional vehicles when the vehicle speed is high, The proposed method reduces Doppler frequency and the number of code phase to search by using the INS velocity information and multiple correlators simultaneously. Even though estimated Doppler frequency has uncertainty due to the INS velocity error, the signal can be detected within 1~3 cells. The experimental result shows average acquisition time is less than 0.4 second when INS velocity and 20correlators.
